The classical orbits of a rotating Morse oscillator are calculated by means of Hamilton-Jacoby theory after truncating the Hamiltonian to permit analytical solution. Except at very high J, the· approximate analytic orbit for the radial coordinate is in good agreement with that obtained by numerical integration of the exact equations of motion. Bohr quantization gives an expression for the rotation-vibration energy correct through quadratic terms in (v+ Y,) and J(J+ 1), where v and J are the vibrational and rotational quantum numbers, respectively. The principal result is an analytic prescription for obtaining values of the coordinates and momenta, given v, J, and a set of random numbers, that facilitates properly weighted quasiclassical selection or'initial states of diatomic molecules in trajectory calculations.
I. INTRODUCTION 
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r r e are are ~ ar. The use of classical·trajectory calculations as a theoretical tool for studying the molecular dynamics of diatomic molecules 1 has revived an interest in the classical mechanics of the Morse oscillator. 2 Slater 3 has given an expression for the classical orbit of a nonrotating Morse oscillator from which the probability density for the displacement can be easily obtained. Rarikin and, Miller 4 have solved the nonrotating Morse oscillator problem by means of action-angle variables. In this paper, we derive, several useful classical formulas for (3) Neglecting powers of ~ -1 greater than the second, we have for the Hamiltonian a rotating .Morse oscillator whose Hamiltonian has been truncated to allow analytic solution of the dynamical problem. The accuracy of the orbit calculated from the truncated Hamiltonian is assessed by comparison with the results of a numerical integration of the exact equations of motion. We apply the rules of Bohr quantization to obtain quasiclassical formulas, namely classical expressions for a Morse oscillator with a quantummechanically allowed internal energy and rotational angular momentum. Finally, we give an easily programmed prescription for randomly selecting the.initial coordinates and momenta of a rotating diatomic molecule in ·11 quasiclassical trajectory calculation. 5 
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Ill. TRANSFORMATION TO ACTION-ANGLE VARIABLES AND SOLUTION OF THE EQUATIONS OF MOTION
(5) (6) To solve the dynamical problem, we transform to a system of conjugate variables (QJ, Pi) in which the momenta Pi are constants of the motion. Since His independent of time, the generator of such a transformation is Hamilton's characteristic function, 6 • 7 namely 
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where Xo=M/L.
We take as the conserved momenta three quantities that are proportional to the action variables,
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where ~>• ~< are the roots of Pr = 0,
and
From Eqs. (9)- (17) we obtain the equations of transformation to the new variables,
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In Eqs. (18) 
Thus we find that QM is constant and that Q Nand Q L are proportional to the time:
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Solution of the equation of motion thus takes the simple form
The radial orbit is easily obtained from Eqs. (18) and (23a):
Ci .
The orbit for 8 is obtained from Eqs. (lla), (19), and (23b): • gives for the conjugate momenta
• Po= 11er =Pxrcose cos¢ +Pyrcosllsin¢ +Pzrcose, p 0 = wPr 2 sin 2 11 =-Pxr sinll sin¢ +P"r sinll cos¢ .
In matrix form, the inverse transformation is
From Eqs. (lla) and (20), we find that
Pr is give!l by Eq. (5), r is given by
~L is given by Eq. (26), and ~by
From Eqs. (29) and (32), the components of rare found to be given by
IV. CLASSICAL RADIAL DISTRIBUTION
The radial density function is obtained in the usual way from the radial period T r• (42) which is the same result as Eq. (41). The radial density is therefore
which is equivalent to Eq. (39).
V. BOHR-SOMMERFELD QUANTIZATION
The Bohr-Sommerfeld quantization rule is 
in agreement with the quantum-mechanical results. Here, our chief interest in Bohr-Sommerfeld quantization of Nand L is to facilitate quasiclassical selection of initial coordinates and momenta (see Sec. VII) by means of the results of Sec. III. Before proceeding, however, we turn to the question of errors introduced' by truncating the Hamiltonian.
VI. NUMERICAL ACCURACY OF THE RADIAL ORBIT AND THE RADIAL DISTRIBUTION
Since Eqs. (24)- (28) give solutions of the classical equations of motion for a Hamiltonian truncated to the terms quadratic in{~-1) [Eq. (4)], the errors induced by the truncation need to be examined. Comparison of Eq. (48) with ReL 9 testifies to the accuracy of the energy quantization through quadratic terms in the quantum numbers. ~n this section we numerically test the accuracy of the radial orbit and the radial distribution. 24) for J = 0, since the analytic expression is exact for a nonrotating molecule. For J* 0, the agreement of the numerical arid approximate analytic results for r(t) are excellent when the rotational energy is not too large a fraction of the total internal energy. The error after one complete period is about 1% for v = 10, J= 10 where the rotational energy is .about 0. 03 of the total internal energy; the error after a complete period increases to 19. 5% for v = 10, J = 30 where the rotational energy is about 0. 2 of the total internal energy.
The approximate analytic expression for the radial probability density is much more accurate, however. ·be made more exact in these regions by modifying them to give the correct turning points 11 if these are known. It should also be obvious that numerical integration of Eq. (Sa) and subsequent numerical extraction of the radial distribution can be accomplished without expanding the rotational term, if greater accuracy than that provided by th~ approximate analytic formula is required when rotational energy is a significant fraction of the total energy. 
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